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Abstract 
The ionic liquids are considered to be a green chemical because of their thermal stability and low volatility. This research 
investigated the flash point variation of ionic liquids after heat treatment at different temperature. Thermogravimetric analysis 
(TGA), Fourier Transform Infrared Spectroscopy FTIR) and Flash point analyser were used to analyze the thermal stability of 
ionic liquids. The ionic liquids, [C6mim] [Cl] and [C2mim] [NTf2] were selected as tested samples. The results indicated that the 
flash point of the ionic liquids was affected by the temperature of heat treatment, owing to the thermal decomposition of ionic 
liquids, therefore. 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of scientific committee of Beijing Institute of Technology. 
Keywords:ionic liquids; thermal stability; flash point 
1. Introduction 
Ionic liquids have become a subject of intensive studies in recent years, because their unique properties such as 
negligible vapor pressure, wide liquid range and stability at high temperatures make them become a good 
replacements for conventional volatile, often flammable and toxic organic solvents in chemical industry[1]. Ionic 
liquids can not only reduce costs but eliminate the risk of harm to the environment and human exposure to volatile 
organic solvents[2]. 
During the past few years, ionic liquids were considered to be non-flammable due to high thermal stability and 
very low vapor pressure. The fact that many ionic liquids are not flammable themselves does not mean that they are 
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safe to use. Compare with traditional liquids, ionic liquids have very low vapor pressure and will decomposition at 
high temperatures. It has indicated that ionic liquids are not non-flammable, and the reason for ionic liquids to be 
flammable is different from that of organic solvents [3]. 
 Van Valkenburg et al. indicated that ionic liquids need to extend the exposure time to make it have significant 
decomposition while the onset temperature of ionic liquids were measured by TGA[4]. Douglas M. Fox et al. use 
TGA to measure the decomposition rate of 1-butyl-2,3-dimethylimidazolium hexafluorophosphate (DMBIPF6). The 
results demonstrated that the onset temperature was 420 ̓C. However, the mass loss was observed at the much lower 
temperature of 200 ̓C, and became remarkable at 300 ̓C[5]. Below the onset temperature, thermal decomposition 
had happened; compared to the long-term thermal stability, different heating rate may also lead to overestimation of 
the thermal decomposition temperature[6-9]. 
In this study, ionic liquids wereheated at different temperature and the effect of heating temperature on the flash 
point was studied. Two ionic liquids 1-hexyl-3-methylimidazolium chloride ([C6mim] [Cl]) and 1-ethyl-3-
methylimidazoliumbis(trifluoromethylsulfonyl)imide ([C2mim] [NTf2]) were selected as samples for investigation in 
this research. 
2. Experimental 
Thermal stabilities were measured using a Mettler Toledo TGA/SDT 851 thermogravimetric analyser 
(Switzerland) and a Mettler Toledo 821 Differential Scanning Calorimeter (Switzerland). The FTIR experiments 
were conducted in transmission mode with a wave number resolution of 4 cm-1 using a Nicolet Nexus 870 from 
Thermo (USA). 
    An HFP 360 Pensky-Marten Flash Point Analyzer (Walter Herzog GmbH, Germany), which met the requirements 
of the ASTM D93B standard[10], was used to measure the flash points of the ionic liquids. 
3. Results and discussion 
3.1. Comparison of flash point 
In previous study, ionic liquids were reported to be highly thermal stability. Table 1 show the flash point 
variation for heat treatment with different temperature, such as 100˚C, 150˚C, 180˚C, 200˚C and 250˚C. According 
to the Table 1, the measured flash point for ionic liquids affect heating 1hr at temperature below180˚C was closed to 
the one without heating,178 ˚C. Heat treatment temperature 250˚Cclose to onset temperature defined by Van 
Valkenburg et al. [4].The TGA thermograms of [C6mim] [Cl] can be divided into three temperature ranges: less than 
150˚C, 150–300˚C, and greater than 300˚C[4]. Fig. 1 show that the temperatures of heat treatment all located bellow 
the third interval. As revealed in Fig. 2 revealed, the higher the heat treatment temperature the lower the flash point. 
Other ionic liquid [C2mim] [NTf2] was also conducted to discuss. The heating temperatures 200˚C, 300˚C and 
350˚C were selected, and the flash point of ionic liquid were 280.4˚C, 325.7˚C and undetectable, respectively. The 
results indicated that the flash point of [C2mim] [NTf2] decreased significantly only at heating temperature 200˚C. 
 
Table 1. Before and after heat treatment for [C6mim] [Cl].   Table 2. Before and after heat treatment for[C2mim] [NTf2]. 
Item Flash point 
Literature - 
Experimental 178.5˚C [11] 
Heated to 100 ˚C for 1hr 167.4˚C [11] 
Heated to 150 ˚C for 1hr 169˚C 
Heated to 180 ˚C for 1hr 163.6 ˚C 
Heated to 200 ˚C for 1hr 133.7 ˚C [11] 
Heated to 247 ˚C 136.7 ˚C [11] 
Heated to 250 ˚C for 1hr 119.17 ˚C 
 
Item Flash point 
Literature > 200˚C 
Experimental 292˚C 
Heated to 200 ˚C for 1hr 280.4 ˚C 
Heated to 300 ˚C for 1hr 325.7 ˚C 
Heated to 350 ˚C for 1hr - 
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Fig. 1. Mass loss data for[C6mim] [Cl]. 
 
 
 
Fig. 2. [C6mim] [Cl] flash point by comparing with different heat treatment. 
3.2. Heat treatment by FTIR spectra analysis 
    The FTIR spectra of [C6mim] [Cl] and [C2mim] [NTf2] were analyzed in Figs. 3 and 4, respectively. The colours 
of ionic liquids, [C6mim] [Cl], changed from yellow to black, which implies that some reactions take place after 
heating treatment. The FTIR analysis indicated that for the case of [C6mim] [Cl], the spectra after different heating 
temperature were almost the same for heating temperature less than 200˚C. For heating temperature 247˚C and 
250˚C,the intensity of the absorbance band at 951cm-1, 1109cm-1, 1232cm-1, 1286cm-1 and 1524cm-1 increased. 
[C2mim] [NTf2] was also analyzed by FTIR. Since the heating temperatures were all not above the onset 
temperature, the difference of FTIR spectra between the pure ionic liquid and that after heating was not significantly. 
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Fig. 3. FTIR spectra for[C6mim] [Cl] samples. 
 
Fig. 4. FTIR spectra for[C2mim] [NTf2] samples. 
4. Conclusions 
Ionic liquids will be decomposed to generate flammable substances after heating treatment, and that would affect 
the measured value of flash point for ionic liquids. Thus, ionic liquids were not as highly thermal stability as 
reported in literature. 
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